Primary ciliary dyskinesia syndrome is characterised by chronic sinusitis, bronchiectasis, and, in 50% of cases, dextrocardia. It is generally believed to be inherited as an autosomal recessive disorder. In this report, we describe a family consisting of a mother and her five male children, the offspring of three different fathers, all of whom have this syndrome. This argues for either an X linked or autosomal dominant pattern of inheritance. Cytogenetic and FISH (fluorescent in situ hybridisation) analyses were done on the mother and one son and were found to be normal.
(J7 Med Genet 1994;31:493-496)
In 1933, Kartagener' described a syndrome characterised by the triad of findings of situs inversus, bronchiectasis, and chronic sinusitis. It was not until 1976 that the cellular basis of the disease was described. 23 Although a multitude of phenotypes has been attributed to this syndrome, it has been traditionally characterised genetically as an autosomal recessive disease. 4 To our knowledge, there have been no instances described of other possible genetic modes of inheritance. In this report, we describe a family which has a pedigree that very strongly suggests that an alternative inheritance such as autosomal dominant or X linked is also possible.
Since a number of non-human models of primary ciliary dyskinesia (PCD) have been described and the chromosome locations of mouse models of primary ciliary dyskinesia have syntenic counterparts in the human 2 4 5 Figure I Family pedigree. Affected subjects are shown by black symbols. home. All the above mentioned p( said to be asymptomatic except foi band.
The proband's first husband white male (asymptomatic for P( duced two male children (IV. 1 After a third marriage to a clinica white male (III. 12), the proband ha offspring (IV.4 and IV.5). Both of group.bmj.com on April 13, 2017 -Published by http://jmg.bmj.com/ Downloaded from proximal 14q; (3) a telomere probe; and (4) a ribosomal DNA centromere probe. For each probe, a minimum of 35 metaphase spreads were evaluated and at least 80% of the metaphases showed specific signals on all four chromatids.
Results
In order to identify any chromosomal lesions associated with the inheritance of PCD in this family, we used cytogenetics and FISH analysis. Metaphase spreads were prepared from subjects III.4 and IV. 1. No abnormalities were detected by G banding or R banding. The mean band resolution for the G banding studies was 550. Chromosome painting using FISH can detect small translocations, but will not identify small deletions, duplications, or inversions. Chromosome specific probes for the X chromosome and chromosomes 2, 12, and 14 showed no abnormalities (probes pBSX, pBS2, PBS12, and pBS14). These chromosomes were studied since they are syntenic with murine chromosomes bearing mutations that affect ciliary function (see Introduction). Ribosomal DNA probes which hybridised to the centromeric regions of chromosomes 13, 14, 15, 21, and 22 and a probe for all telomeres ((T2AG3)7 -42mer) gave normal hybridisation patterns. Finally single copy Sal7 (RNA component of human RNAase P gene-14q prox) and 12C12 (12pter) also showed no abnormalities. We are therefore unable to identify any chromosomal defect as the underlying cause of PCD in this family.
Discussion
Since the elucidation of the defect underlying PCD in 1976, the scope of the disease has widened to include other apparently inherited disorders of the ciliary axoneme, such as the absence of radial spokes," transposition of cilia,'2 and ciliary dysmotility not associated with ultrastructural defects.'3 This has led to a new nosological designation of "primary ciliary dyskinesia" for conditions that have a genetic and structural basis.'4 Genetic analysis of ciliary ultrastructural phenotype is also con- founded by the fact that transient ciliary abnormalities may be produced by environmental toxins or infectious agents. Afzelius'5 has carefully reviewed the possible ciliary ultrastructural alterations from acquired causes. It is important to emphasise that none of these reported ciliary features was seen in the electron microscopic pictures of ciliary structure in this family. In addition, the members of this family have additional symptoms associated with this disorder such as otitis media. Therefore, we can rule out the possibility that the ciliary defects seen in this family are secondary to some other process such as chronic infection. Instead, they are the primary manifestation of a loss of genetic information needed to construct the ciliary apparatus for proper function. Dyneins are microtubule stimulated ATPases that induce movement towards the minus end of microtubules. They are characterised by an enormous (-500 kDa) polypeptide and several types of associated polypeptides 14-120 kDa in size.'6 Since there are seemingly many genes that control the expression of multiple ciliary proteins, it is then likely that there may be different modes of inheritance involved in these processes and that these may all lead to the final common pathway of dynein dysmorphology or dysfunction or both.
We painted chromosomes X, 2, 12, and 14 with chromosome specific libraries without detecting any significant gross additions of deletions. Chromosome 12 and 14 single copy sequence probes, telomeric probe, and ribosomal centromeric probes also failed to show any abnormalities. The lack of abnormalities in G banded and R banded chromosomes is in keeping with previously reported cytogenetic studies" in patients with PCD.
PCD is considered to be an autosomal recessive disorder.4 Most familial cases have been confined to sibs who have had normal parents and a negative family history. There are a small number of reports, however, of families having one or more features of PCD with inheritance patterns which are not compatible with autosomal recessive inheritance (table 2) . In these families, the inheritance pattern appears X linked, autosomal dominant, or autosomal dominant with incomplete penetrance. In the family reported here with an affected mother and children from three different marriages, autosomal recessive inheritance can, in all likelihood, be excluded. Instead, either autosomal dominant inheritance, with the mother having a fresh mutation, or mitochondrial inheritance is likely. X linked inheritance, either dominant or recessive, perhaps with predominant inactivation of the normal allele, is also possible.
The family as well as those previously published support the concept of genetic heterogeneity in PCD. These findings have important implications for genetic counselling of affected families. Until specific molecular characteristion becomes available, differentiation among possible inherited forms will remain extremely difficult.
